Abnormally long-lived eosinophils (Eos) are the major inflammatory component of allergic responses in the lungs of active asthmatics. Eos recruited to the airways after allergen exposure produce and respond to IL-5 and GM-CSF, enhancing their survival. Pro-survival signaling activates Pin1, a cis-trans peptidyl isomerase (PPIase) that binds to Bax and prevents it activation.
Introduction
After maturation in the bone marrow, eosinophils (Eos) circulate briefly (~3 days) in the peripheral blood before undergoing programmed cell death (apoptosis). Despite this short life-span, Eos can be found in a variety of tissues such as spleen, uterus and lymph nodes but typically not the lung or skin. (1, 2) . However, asthmatics exposed to allergen as well as other patients with parasitic infection, cancer, adrenal insufficiency, esophagitis, or collagen vascular disease may show elevated levels of circulating Eos (2) (3) (4) (5) . This often reflects increased serum concentrations of IL-5, GM-CSF or IL-3 that enhance the differentiation, release and longevity of circulating or tissue-based Eos (4) . In allergen challenged asthmatics, activated, long-lived Eos accumulate in the bronchial and nasal mucosa (6) (7) (8) (9) .
These biological properties provided the rationale for the development and clinical testing of anti-IL-5 monoclonal antibodies such as mepoluzimab and reslizumab for asthma (10) (11) (12) .
Opposing the pro-survival effects of GM-CSF or IL-5 is FasL. This pro-apoptotic agonist is produced and secreted by Mast cells, T and B cells and macrophages in the inflamed bronchi (13) and could contribute to the eradication of pulmonary eosinophilia and resolution of allergic inflammation. FasL interacst with Fas, a TNF-R family member that transduces death signals (14) by recruiting FADD, leading to the formation of the receptor-associated death-inducing signaling complex (DISC) (15) . The DISC complex triggers caspase 8 which then cleaves Bid, providing a link to mitochondrial-dependent death pathways (16) . These events are likely cytoplasmic. However, FADD can also be anti-apoptotic, induce cell cycle progression and proliferation presumably by trans-locating into the nucleus (16) (17) (18) . The latter absolutely requires phosphorylation of human FADD at Ser194 although how this modification triggers nuclear localization is unknown.
Pin1 is peptidyl-prolyl cis-trans isomerase (PPIase) that plays a key role in cell cycle progression, the regulation of innate immunity, the expression and signaling of cytokines and Eos cell death (19) (20) (21) (22) . Pin1 consists of an N-terminal WW domain that mediates binding to p-Ser-Pro or p-Thr-Pro dipeptide motifs and a C-terminal PPIase domain. Pin1 activity is reduced by inhibitory phosphorylation by Protein Kinase A (PKA), MitogenActivated Protein Kinase (MAPK), Death Associated Protein Kinase 1 (DAPK1) or Mixed Lineage Kinase 3 (MLK3) at Ser16, Ser65, Ser71 or Ser138, respectively, that block target interactions (Ser16) or modulate PPIase activity (Ser65, −71 or −138) or subcellular localization (22) (23) (24) . Pin1 mediates IL-5 or GM-CSF induced survival of Eos by suppressing Bax activation (22) . In the absence of Pin1, pro-survival signaling is ablated and Eos undergo accelerated apoptosis. Pin1 also binds to caspase 8, suggesting a possible role in the extrinsic apoptotic pathway as well (22, 25) .
Here we show that Fas activation triggers Eos apoptosis through the extrinsic pathway. Critical to this process is the phosphorylation of FADD at Ser194 and it's subsequent nuclear translocation, both of which were regulated by interactions with Pin1. Therefore, Pin1 plays a critical role in balancing Fas induced Eos apoptosis by interacting with FADD versus maintaining eosinophilic allergic inflammation driven by IL-5 or GM-CSF.
Materials and Methods

Reagents and antibodies
Anti-Fas was purchased from Millipore (clone CH-11, Billerica, MA, USA). IL-5 was obtained from R&D Systems (Minneapolis, MN, USA). Anti-caspase 9, anti-Bid, antiprocaspase 8, anti-cleaved caspase 8, anti-poly(ADP-ribose) polymerase, anti-hemagglutinin (HA) and anti-phospho-Pin1 Abs were purchased from Cell Signaling Technologies (Beverly, MA). Anti-caspase 3, anti-Pin1, anti-phospho-FADD, anti-α tubulin and antihnRNP C1/C2 were from Santa Cruz Biotechnology (Santa Cruz, CA). Anti-His and anti-β-actin were from Sigma-Aldrich (St.Louis, MO). Anti-FADD was from BD Bioscience (San Jose, CA)
Eosinophil preparation
Human peripheral blood was obtained from healthy donors or atopic donors. All participants have a clinical record at the University of Wisconsin Hospital and consent was obtained according to an apporoved University of Wisconsin Hospital Institutial Review Broad protocol. The characteristics of donor is described in Supplementary Materials. Eosinophils were purified from peripheral blood or BAL fluid by a negative immunomagnetic selection as described previously (22, 25) . The purity of eosinophils was > 99% and cells were cultured as described (22, 25) .
Plasmids and constructs
Human Pin1 WT and various mutants cDNAs were amplified by PCR and the products cloned into NotI and XhoI site of pTYB1 (New England Biolabs, Ipswich, MA). Pin1 mutants, S16A, S16D, S71A, and S71D were constructed with N-terminal TAT-HA tags in pTYB1 using the Phusion site-directed mutagenesis Kit (New England Biolabs). To generate human wild type (WT) and mutant FADD, cDNA was amplified and S194A, S194D and S194E were generated using the Phusion site directed mutagenesis kit prior to sequencing (Applied Biosystems, Foster, City, CA).
Protein purification and in vitro binding
Recombinant WT FADD, Pin1 and FADD mutant proteins were purified using Impact TM (Intein Mediated Purification with an Affinity Chitin-binding Tag, New England Biolabs) protein purification system. For in vitro binding assays, 10 pmol GST, GST-WW, GST-S16E, WT-FADD, or FADD mutant proteins were incubated with specific antibodies in binding buffer (20 mM HEPES (pH 7.6), 15 mM KCl, 5 mM MgCl 2 , 10% glycerol and 0.1% NP40) for 4 h at 4 °C followed by Protein A/G-agarose beads (Sigma Aldrich, St. Louis, MO). After elution, proteins were analyzed by immunoblot.
Cell viability analysis by flow cytometry or trypan blue staining
Eos (10 6 cells/ml) were cultured in 96 well culture plates (BD Bioscience). Cell death was determined by flow cytometry (BD Biosciences FACSCalibur system) using an apoptosis detection kit (BD Bioscience) or assessed by trypan blue exclusion on a hemacytometer.
TAT fusion protein transduction and subcellular fractionation
TAT-proteins were produced in E. coli as described previously (22, 25) . Eosinophils were treated with 100nM of various TAT proteins (TAT-GFP, TAT-Pin1 WT, TAT-S16D Pin1, TAT-S16A Pin1, TAT-FADD, TAT-S194A-FADD, TAT-S194D/E-FADD). For nuclear extracts, cells were lysed in cytoplasmic and nuclear extraction k buffer (NE-PER, Pierce) according to the manufacturer's protocol. 10 μg of cytosolic and nuclear fraction was analyzed by western blot for cytosolic (α-tubulin) or nuclear markers (hnRNP C1/C2).
Immunoblotting and Immunoprecipitation
Immunoblot (IB) analysis and densitometry of protein expression was determined by Li-COR software as described (22, 26) . Protein extracts were prepared as described previously (22) . Cells were lysed in buffer containing 20 mM HEPES (pH 7.3), 1% NP-40, 0.25% sodium deoxycholate, 150 mM NaCl, 1 mM EGTA, 1 mM PMSF, 1 mM Na 3 VO 4 , 10 mM NaF and protease inhibitor. Protein concentration was measured by Lowry protein assay (Bio-Rad). Proteins were separated by SDS-PAGE and transferred to Immobilon FL membranes (Millipore) prior to incubation with primary antibodies and then IR-Dye infrared secondary antibodies at room temperature (Li-Cor Biosciences, Lincoln, NE). Membranes were scanned and quantified with Odyssey infrared Imaging System (Li-Cor). For immunoprecipitation (IP), cell extracts were lysed, precipitated and analyzed as described (22) .
Immunofluorescence staining
Cells were treated as described in the figure legends, cytospun onto slides, fixed with 4% paraformaldehyde, and permeabilized with 0.2% Triton-X100. The cells were stained with antibodies vs. FADD, phospho-FADD, Pin1, phospho-Ser16-Pin1 and β-actin and incubated with Alexa 488-congugated goat anti-rabbit or 586-congugated goat anti-mouse antibodies (Jackson Immunoresearch, West Grove, PA). Cells were mounted with ProLong Gold antifade reagent including DAPI (Invitrogen). Images were gathered by confocal laser microscopy (C1 Laser Scanning Confocal, Nikon Instruments).
Pin1 activity assay
Pin1 activity was determined as described previously (22) .
Statistical analysis
Statistical differences beween control and treated group were determined by Student's tTest. All experiments were performed at least three times with different donors. The values are presented as mean ± s.d. p <0.05 was considered significant.
Results
Fas activation overcomes pro-survival signaling
Airway Eos, activated in vivo by IL-5 and GM-CSF, show significantly prolonged survival (1, 2, 4, 5) . Peripheral blood Eos show similar phenotypic changes and thus are a good model to study the underlying mechanisms in vitro. FasL delivered systemically increased pulmonary eosinophilia after allergen challenge (27) while anti-Fas induced Eos apoptosis but also pro-inflammatory, Eos necrosis (28) . Thus the end-points and mechanism of action of Fas-FasL in Eos airway inflammation remains murky. We modeled these events by assessing the response of peripheral blood Eos to IL-5, Pin1 inhibitors and Fas activation. As expected, untreated Eos showed significant apoptosis (~55% by 48 h in culture, Fig. 1A ) that could be antagonized by IL-5 (Fig. 1B, 3D and S1). Co-treatment with anti-Fas reduced but did not completely attenuate the effects of IL-5 as assessed by Eos survival, and the cleavage of PARP, caspase 3 and Bid (Fig. 1B, C and S1 ). Fas activation also accelerated apoptosis by otherwise untreated Eos (Fig. 1A) . Therefore, Fas activation can enhance Eos death and overcome the pro-survival program initiated by IL-5 through the induction of the extrinsic apoptosis pathway.
Pin1 participates in Eos pro-survival signaling by suppressing Bax and the activation of the intrinsic pathway (22, 25) . To explore the role of Pin1 in anti-Fas signaling, we transduced Eos with dominant negative WW domain (WW-Pin1) or control (GFP) protein fused to a TAT penetratin tag (22, 25) or treated cells with the Pin1 inhibitor, juglone. Treatment of Eos with TAT-WW-Pin1 or juglone synergized with anti-Fas, irrespective of the presence of IL-5, to significantly increase Bid cleavage and Eos apoptosis (Fig. 1C, D and E). These data suggest that Pin1, in addition to regulating Bax, also participates with Fas in the control of the extrinsic pathway.
Fas-induced phosphorylation of Pin1 at Ser16 is blocked by IL-5
The ability of anti-Fas to both accelerate the death of resting, untreated Eos as well as antagonize IL-5 suggested Fas signaling regulated Pin1. Pin1 activity is controlled by reversible phosphorylation at Ser16 within the WW domain, or at Ser71 or Ser138 within the PPIase domain (22) (23) (24) 29) . Ser16 phosphorylation prevents target protein binding while Ser71 or Ser138 directly interfere with PPIase action. Thus, freshly isolated Eos were left untreated (control) or briefly exposed to IL-5 and/or anti-Fas prior to lysis and PPIase assay. As seen previously (22, 25) endogenous Pin1 activity was rapidly induced by IL-5 ( Fig. 2A ) that could be modestly antagonized by either simultaneous or post-hoc anti-Fas treatment ( Fig. 2A) . In resting, freshly isolated Eos, Pin1 was largely dephosphorylated at Ser16 and diffusely cytoplasmic. Fas activation enhanced the phosphorylation of Pin1 at Ser16 that was reversed by IL-5 ( Fig. 2B ) and dependent on PP2A (Fig. 2D) . The subcellular localization of Pin1 was also dependent on Fas or IL-5 mediated signaling (Fig. 2C) . IL-5 treatment had little effect on Ser16 phosphorylation but caused Pin1 to concentrate along the plasma membrane. Conversely, anti-Fas alone markedly increased nuclear phospho-Ser16 Pin1. The combined effects of IL-5 and anti-Fas were intermediate between these phenotypes (Fig. 2C) . These data indicate that Fas signaling has profound effects on Pin1 phosphorylation and location, possibly by inhibiting PP2A action and partially antagonizes IL-5 mediated events.
Phosphorylation of Pin1 at Ser16 determines Eos survival
The above results suggested that Pin1 phospho-status, activity and/or location were critical for Eos apoptotic decisions induced by Fas. To clarify these hypotheses, we generated TAT-HA-Pin1 mutants where Ser16 or Ser71 were mutated to alanine (A; phospho-null) or aspartic acid (D; phospho-mimetic) (Fig. 3A ). Eos were incubated with 100 nM recombinant protein and the effects on Fas-mediated apoptosis analyzed. Only Ser16A mutants suppressed caspase 8 activation and Eos apoptosis ( Fig. 3B and D) . These results did not reflect differences in transduction efficiency (Fig. 3B) . Interestingly, neither Ser71A nor Ser71D mutants affected viability or caspase 8 cleavage in Fas activated Eos (Fig. 3B and  D) . These data suggest that Pin1 phosphorylation at Ser71 by DAPK1 (23) is not relevant for Fas-mediated signal transduction. Instead, the data point to the phosphorylation of Ser16 as an essential step for Fas-mediated apoptosis.
The role of Pin1 in mediating pro-survival signaling was assessed biochemically and morphologically after adding IL-5 to Eos transduced with S16A or other Pin1 mutants. Only the S16A mutant blocked procaspase 8, 9 or 3 cleavage ( Fig. 3B and C) and significantly increased Eos survival (Fig. 3D ) despite treatment wth anti-Fas and did so to an equivalent level as IL-5 itself (Fig. 3D) . As the S16A mutation facilitates Pin1 interactions with targets (22, 24) , these results suggest that Pin1 binding and isomerization activity are required to prevent Fas-induced, Eos apoptosis. Furthermore, these data suggest that the maintenance of Ser16 dephosphorylation by IL-5 mediated signaling is both necessary and sufficient for full prosurvival signaling.
Fas activation induced phosphorylation and nuclear localization of FADD
In T cells, Fas activation is accompanied by recruitment and oligomerization of FADD to the death receptor through its death domain (DD). FADD then binds to and activates caspase 8, leading to Bid cleavage (17, 30) . However, after phosphorylation at Ser194 by Casein Kinase 1α or Polo-like Kinase 1 (Plk 1) (30, 31), p-FADD can traffic into the nucleus where it influences other processes including cell proliferation and cell cycle progression (30) (31) (32) . As Ser194-Pro195 is a possible Pin1 binding site, we investigated if this site was phosphorylated and supported interactions between FADD and Pin1. Eos were incubated with media, anti-Fas, IL-5 or both for 30 min. FADD was diffusely expressed in both the cytosol as well as nucleus irrespective of anti-Fas (S3) or IL-5 (data not shown) treatment. Western blot and immunofluorescence revealed anti-Fas rapidly induced the phosphorylation of FADD at Ser194 that was antagonized by IL-5 (Fig. 4A, B and S3 ).As seen in other cells, p-Ser194 FADD transited to the nucleus that was largely, but not completely blocked by co-treatment with IL-5 (Fig. 4B) . Therefore, Fas signaling induced FADD phosphorylation on Ser194 that can be markedly attenuated by IL-5.
In order to establish if phosphorylation of Ser194 FADD was required for Fas-mediated, Eos apoptosis, we transduced Eos with recombinant TAT-WT FADD or versions with Ser194 mutated to Ala (phospho-null), Glu or Asp (phospho-mimetics) (Fig. 4C) . Otherwise untreated Eos transduced with phospho-mimic FADD showed significantly greater cell death as compared to phospho-null mutants or WT (Fig. 4D) . These results suggest that Fas induced, FADD phosphorylation on Ser194 accelerates Eos apoptosis and that this signaling can be blocked by IL-5.
Pin1 regulates FADD phosphorylation
Pin1 can influence the phospho-status of its binding sites, presumably by modulating phosphatase or kinase access (21, 33) . To dermine whether the anti-apoptotic effect of Pin1 in Fas-mediated signaling is upstream or downstream of FADD phosphorylation, we examined FADD phosphorylation after Pin1 blockade with juglone. As shown in Fig 5A, Fas-mediated FADD phosphorylation was decreased by IL-5 and was substantially increased by juglone (~2.5 fold), indicating that FADD phosphorylation is negatively regulated by Pin1. Thus we asked if FADD Ser194 phosphorylation and apoptotic action were similarly Pin1 dependent. Eos were incubated with FADD WT or mutants for 24 h prior to western blot analysis for activation of the extrinsic pathway and for 48 h for determination of cell viability. Eos transduced with phospho-mimic FADD showed significantly greater cleavage of Bid, caspase 3 and caspase 9 as well as accelerated apoptosis than control Eos or those transduced with control TAT-GFP (Fig. 4D , 5B and 5C). Consistent with the above data, IL-5 prevented Bid and caspase cleavage as well as cell death despite the transduction of phospho-mimic FADD ( Fig. 5B and C) . However, the prosurvival effects of IL-5 were completely abolished in Eos simultaneously treated with the Pin1 inhibitor juglone (Fig. 5A and B) .
These results suggested that the anti-apoptotic effect of IL-5 were fully mediated by Pin1 and involved suppression of FADD phosphorylation. To explore these hypotheses, FADD phosphorylation was measured in Eos transduced with S16A (constitutively active) Pin1 or S16D (constitutively inactive) Pin1 prior to Fas activation. Western blot revealed strong, anti-Fas induced FADD phosphorylation on Ser194 in control (TAT-GFP) or S16D Pin1 transduced Eos but markedly less so in Eos treated with S16A Pin1 (Fig. 5D and E) . Consistent with this observation, cleaved caspase 3, 9, 8 were also markedly reduced in S16A Pin1 transduced cells (Fig. 5D ). Immunofluorescence showed typical nuclear localization of p-Ser194 FADD after anti-Fas that was unaffected by transduction with TAT-constitutively inactive Pin1 or TAT-GFP (Fig. 5E ) However, nuclear p-Ser194 FADD levels were barely detectable in anti-Fas treated Eos previously transduced with TATconstitutively active Pin1. These data imply that the maintenance of Pin1 activity by IL-5, likely by preventing its phosphorylation at Ser16, is required to block FADD phosphorylation at Ser194 and subsequent FADD translocation and cell death.
In order to better quantitate pFADD intracellular distribution and relationship to Pin1 activity, Eos were transduced with S16A or S16D, treated with anti-Fas and cytoplasmic and nuclear fractions analyzed by western blotting (Fig. 5F) . In all cells, pFADD and pSer16 Pin1 were exclusively nuclear. Treatment with anti-Fas increased nuclear pFADD and pSer16 Pin1 in Eos transduced with GFP or S16D Pin1. However, despite anti-Fas treatment, Eos transduced with S16A Pin1 showed reduced nuclear pFADD and pSer16 Pin1. As pSer16 Pin1 is unable to bind to targets, we propose anti-Fas induces the phosphorylation of nuclear Pin1, presumably attenuating its function in that compartment. Irrespectively, the data show that Pin1 likely plays a critical role in suppressing Fasmediated apoptosis, presumably by influencing FADD nuclear localization and phosphorylation.
Pin1 binds to p-Ser194-Pro195 of FADD
Pin1 interacts with a subset of target proteins containing phosphorylated serine-proline or threonine-proline (S/T-P) dipeptide motifs and the phosphorylation of Ser194 FADD was Pin1 dependent (Fig. 5D and E) , we examined if Pin1 interacted with FADD through Ser194-Pro195. Thus recombinant GST, GST-WW-Pin1, FADD WT and mutant (S194A, S194D or S194E) proteins were incubated with anti-FADD and the pellets immuno-blotted. Phospho-mimic FADD interacted strongly with the WW domain of Pin1 while interactions with WT or Ser194Ala FADD, while much weaker, were detectable (Fig. 6A) . Conversely, Pin1 binding to FADD was abolished when Ser16 of Pin1 was mutated to phospho-mimetic Glu or Asp (Fig. 6B) . These results are consistent with the data in Fig 5D-F , demonstrating an inability of phospho-mimic Pin1 to modulate FADD phosphorylation, location or proapoptotic activity. Thus, Pin1 must remain active (dephosphorylated at Ser16) to interact with FADD at p-Ser194-Pro195 and influence its functionality.
As Fas activation triggers FADD phosphorylation at Ser194, we investigated if that was sufficient to induce an interaction with Pin1. Resting Eos were stimulated with either IL-5 and/or anti-Fas prior to IP/IB. Bidirectional IP's revealed FADD and Pin1 interacted but only after brief (30 min) co-treatment with both anti-Fas and IL-5 (Fig. 6C) . Prosurvival signaling initiated up to 24 h prior to anti-Fas (Fig. 7A and B) was sufficient to promote FADD-Pin1 interactions, suggesting IL-5 prevents Pin1 phosphorylation and maintains activity for extended periods of time (Fig. 7A) . In order to determine if active Pin1 was necessary and sufficient to mediate IL-5 signaling, we performed pull-downs with lysates from anti-Fas treated Eos. Control GFP or S16D Pin1 (phospho-mimetic and constitutively inactive) failed to pull-down appreciable amounts of pSer194 FADD in contrast to S16A Pin1 (Fig. 6D) . Thus, a dual signal provided by IL-5 and Fas signaling induce FADD and Pin1 to interact. Dominant active Pin1 (S16A) can replace the IL-5 signal suggesting that Pin1 is the critical, final effector for the modulation of Fas signaling by pro-survival cytokines. Mechanistically, the data support a model (Fig. 8) whereby Pin1 is activated by IL-5, binds to p-Ser194 that is induced by Fas ligature and isomerizes the Ser194-Pro195 bond from cis to trans, permitting de-phosphorylation of FADD and its retention in the cytoplasm.
Finally, in order to establish the in vivo relevance of our observations, we asked if bronchoalveolar lavage (BAL) derived Eos, derived from asthmatics after segmental allergen challenge, were sensitive to Fas signaling. BAL Eos or peripheral blood Eos derived from these subjects have been activated through cytokine exposure in vivo and display prolonged lifespan (Fig. 7D) (25) . Incubation of these cells with anti-Fas accelerated apoptosis (Fig.  7D) . Consistent with in vivo activation, lysates from otherwise untreated BAL Eos showed elevated Pin1 activity that was modestly reduced by anti-Fas (Fig. 7C ).
Discussion
In this study, we demonstrate that Pin1 is a critical mediator of IL-5 prosurvival signaling and FADD mediated apoptosis initiated by Fas activation. Pin1 interacts with FADD after its phosphorylation at Ser194-Pro195 but does so only if Ser16 of Pin1 remains dephosphorylated. Upon interaction with Pin1, FADD phosphorylation, nuclear translocation and pro-apoptotic signaling are largely suppressed. Therefore Pin1 can attenuate cell death initiated through the extrinsic pathway only in the presence of simultaneous pro-survival signaling; leading to the pulmonary persistence of in vivo activated Eos, despite ongoing Fas mediated death signaling. As this is likely the case in allergically inflamed airways, Pin1 is an important determinant of whether activated Eos will be cleared or accumulated in the lungs of asthmatics.
The balance between Eos survival and death is crucial for the development, maintenance or resolution of asthma (7) . In chronic asthma, airway eosinophilia continues and predominantly reflects defective or reduced Eos apoptosis (8) . FasL is expressed in the lung on some activated T and B cells, macrophages and epithelia and thus is a likely candidate to oppose pro-survival mediated signaling by GM-CSF or IL-5 (34) . In vivo manipulation of Fas or FasL have generated data that largely, but not entirely reinforces this hypothesis (27, 28, 35, 36) . Here we confirm that Fas activation accelerated Eos apoptosis through the extrinsic pathway in both the absence and presence of IL-5 mediated signaling. Consistent with this conclusion, allergen challenged, Bid knock-out mice showed elevated numbers of BAL Eos in vivo and reduced apoptosis and caspase 3 cleavage after in vitro Fas activation (36) . Thus Fas activation of the extrinsic pathway is likely one mechanism by which Eos apoptosis is enhanced despite pro-survival signaling after allergen challenge.
Phosphorylation at Ser194 in human cells or Ser191 in mouse cells is a critical determinant of FADD intracellular trafficking and function (30, 37) . Phospho-null Ser194Ala FADD mutants were unable to interact with exportin 5, leading to diffuse distribution in both the cytoplasm and nucleus (32) . Phosphorylation is normally mediated by Casein Kinase 1 or Plk1 after death receptor activation (38, 39) . Nuclear p-FADD has been associated with reduced cell death, possibly by up-regulating survival gene expression, modifying MethylCpG BP4 function or by reducing the interactions between FADD and caspase 8 in the cytoplasm (32) . Resting Eos showed low levels of p-FADD by western blot and very little on IF analysis. Fas activation triggered very rapid phosphorylation on Ser194, localization into the nucleus and the acceleration of caspase 8 and Bid cleavage. Either IL-5 or constitutively active (S16A) Pin1 antagonized FADD phosphorylation, nuclear translocation and apoptotic activity, irrespective of Fas signaling. Phospho-mimic FADD mutants had similar effects that could also be antagonized by IL-5 or enhanced by Pin1 inhibitors. Thus, FADD phospho-mutants were functionally similar to wild type, p-FADD. These data suggest that in Eos, FADD mediated apoptosis depends on both Ser194 phosphorylation as well as nuclear translocation, processes that are antagonized by IL-5 and Pin1. As Overexpression of constitutively active Pin1 attenuates Fas mediated phosphorylation of FADD as well as its nuclear translocation. However, IP/WB revealed that endogenous Pin1 or recombinant WW domain preferentially interacts with p-FADD or phospho-mimic FADD mutants. These observations suggest active Pin1 initially interacts with p-FADD but that once bound, Pin1 isomerizes the target, converting the p-Ser194-Pro195 site from cis to trans. Due to increased availability, the trans phosphate is then cleaved as has been described for trans p-tau (40) . As Pin1 has ~1000 fold lower activity towards unphosphorylated targets (21) , FADD in the trans, nonphosphorylated conformation would accumulate. While we have not yet examined the issue, trans FADD might also be subject to accelerated degradation.
Pin1 is regulated by reversible, multi-site phosphorylation. Recent work has shown phosphorylation of Ser16 by PKA (22, 24) or PKMζ (41), Ser71 by DAPK1 (23) or Ser138 by MLK3 (29) can modulate Pin1 activity and/or location. We were unable to detect any changes in Ser71 after Fas or IL-5 mediated activation. Our data suggest that modulation of Pin1 activity in Eos by pro-survival (IL-5) and pro-apoptotic (Fas) signaling focuses on reversible events at Ser16. Fas activation rapidly reduced PPIase activity in resting Eos that was associated with increased phosphorylation of Pin1 at Ser16. Calyculin increased Ser16 phosphorylation and prevented any change after agonists suggesting PP2A or PP1 mediated Fas signaling. In addition, Eos transduced with S16A mutants were largely but not completely resistant to the effects of anti-Fas. PP1 and PP2A were required for Fas mediated apoptosis of tumor cell lines (42) and FADD has recently been shown to interact with and regulate PP2A activity (43) . As Pin1 interacts with and is regulated by PP2A (44), these results suggest FADD, Pin1 and PP2A form a complex with FADD signaling altering both Pin1 and PP2A activity and function.
In conclusion, our data collectively show that Pin1 prevents Fas-mediated apoptosis in activated Eos via interactions with p-FADD (Fig. 8) . Our results also support the hypothesis that Fas signaling can overcome IL-5 signaling and accelerate apoptosis to facilitate the elimination of Eos after allergen challenge.
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